In this article an inverse modeling technique is used to design a 0.25 m delta doped pseudomorphic high electron mobility transistor ͑PHEMT͒. The technique is based on the results obtained from the device simulator MEDICI. The technique has been used for determining the structural and physical parameters of the device for a defined threshold voltage, maximum trans conductance and the gate voltage at which the trans conductance peaks. Empirical formulas have been obtained based on a data bank created by varying the device structural parameters. Using these formulas, a 0.25 m delta doped PHEMT has been designed and a good agreement has been obtained between the measured data and the predicted data.
I. INTRODUCTION
Pseudomorphic high electron mobility transistors ͑PHEMTs͒ with InGaAs channels grown on GaAs buffer have received considerable attention in the recent past because of their usefulness in high speed and low noise applications such as monolithic microwave integrated circuits. 1, 2 While Monte Carlo simulations are widely used to study the HEMT behavior, [3] [4] [5] the use of two-dimensional simulation for understanding the operation of AlGaAs/InGaAs HEMTs is far better 6, 7 since such simulators are fast, less expensive and easily available to most of the researchers. However, if a two-dimensional simulation tool is to be employed for optimization of practical HEMT, the physical models used in the simulator must be verified and calibrated. In this way the process parameters become the direct input to the physical models used in the simulator and hence results in a more accurate design optimization. To reduce the time-to-market cycles, inverse modeling is a very powerful technique as it provides the initial specifications of the device. The aim of this article is therefore to study the design optimization of delta doped HEMTs using a commercial two-dimensional simulator MEDICI, 8 fine tune the physical models in the simulator using a 0. 5 We demonstrate that using an appropriate choice of physical models, an excellent agreement between simulation results and experimental data can be obtained. Figure 1 shows the cross-sectional view of a delta doped PHEMT. The source and drain contact resistances and the Schottky barrier height of the gate metal are taken as 2 ⍀ and 0.9 V, respectively, as measured from the process control monitor PCM. In our simulations the thickness of the delta layer is taken as two monolayers with dose variation of 1.8 - 3.6 10 12 cm Ϫ2 . FATFET C -V data have been used to choose the appropriate value of delta doping and buffer concentration in the device. 
II. DEVICE STRUCTURE AND PARAMETERS

III. RESULTS AND DISCUSSION
After calibrating the models and their parameters in MEDICI as discussed above, we have simulated the performance of a 0.5 m PHEMT with source to drain spacing of 4.0 m and AlGaAs thickness of 300 Å. The simulated drain characteristics compared with experimental data for this device are shown in Fig. 2 . As seen, both sets of data are in good agreement. The simulated trans conductance as a function of gate voltage is shown in Fig. 3 . This excellent match between simulations and the experimental data for 0.5 m PHEMT devices validates the accuracy of the above models and material parameters which can now be used for simulating the 0.25 m PHEMT structure. We have generated a data bank for 0.25 m PHEMT by varying its structural parameters. Using this data, 10 one can determine the optimum device parameters for a specified pinch-off voltage and maximum trans conductance.
IV. INVERSE MODELING
For carrying out the inverse modeling, we have simulated 0.25 m PHEMT for a range of values of delta doping and AlGaAs thicknesses. The effect of these parameters on the drain current, pinch-off voltage and maximum trans conductance are recorded. Based on this data bank, empirical equations are obtained to relate pinch-off voltage and maximum trans conductance with these parameters as discussed below.
A. Effects of delta doping
The variation of drain current with the delta doping is shown in Fig. 4 . Figure 5 shows the variation of pinch-off voltage and maximum trans conductance with delta doping. As can be seen in this figure, initially the trans conductance increases and then tends to saturate after a dose of 3.2E12 
where n ␦ is the delta doping.
B. Effects of AlGaAs thickness
The thickness of AlGaAs layer is an important parameter because it affects the electric field inside the device and hence its performance. As the thickness decreases, the electric field increases and hence the two-dimensional electron gas concentration decreases resulting in a reduction in drain current as shown in Fig. 6 . Figure 7 shows the variation of the pinch-off voltage and the maximum trans conductance. Based on these two graphs, the following empirical equations can be derived:
where d d is the thickness of AlGaAs layer. During these experiments we have kept the spacer layer at 30 Å and channel thickness at 120 Å.
V. OPTIMUM DEVICE DESIGN
The empirical equations developed above can now be used to predict the optimum design parameters for the desired pinch-off voltage and maximum trans conductance without performing any additional simulations. Equation ͑1͒ predicts the variation of V p with n ␦ for a particular value of d d . Now if the designer wants to know the pinch-off voltage for some other value of d d , a set of points can be calculated using Eq. ͑3͒. This data can be linearly extrapolated as shown in Fig. 8 . Similarly a set of lines can be generated for maximum trans conductance as shown in Fig. 9 . From these two figures, the designer can choose n ␦ and d d for the specified value of V p and g m(max) . We have used the above procedure to calculate the device design parameters for a device with pinch-off voltageϭϪ0.8 V and maximum trans conductance of 400 mS/mm. The value of n ␦ is chosen from the graph range from 2.2 to 3.2e12 cm Ϫ2 and d d from 210 to 250. However, the second graph of V p restricts the window. So using these graphs, we have chosen the desired values as n ␦ ϭ3.0E12 cm Ϫ2 and d d ϭ240 Å. The same structure was again simulated in MEDICI. The device provides drain current of 40 mA at V ds ϭ2 V. Figures 10 and 11 show the simulated characteristics of the device proposed.
VI. CONCLUSIONS
In this work, we have demonstrated that using an easily available two-dimensional device simulation tool and inverse modeling, optimum design of delta doped PHEMTs can be easily carried out in order to realize the target device performance. This method is expected to reduce the design time and hence the time-to-market. In addition, our approach also helps in achieving a better understanding of the device physics. 
